The crypt cell production rate (CCPR) is considered the most robust estimate of cell turnover. The CCPR was determined at various sites around the colon in the Wistar rat (using an in vivo technique) and in six healthy humans (using in vitro organ culture). In both the rat and human colon, the CCPR increased proximally from the rectum to the caecum. The caecum had a significantly higher cell turnover than any other site in the colon (p<005 in the rat, p<001 in humans, Student's t test). These findings are of interest when considering cellular proliferation studies in both inflammatory bowel disease and colorectal cancer, and draw attention to the importance of choosing a constant reference site for comparative studies. This is the first time the CCPR had been measured along the length of the human colon. (Gut 1992; 33: 1528-1531 The crypt cell production rate (CCPR) estimates cell turnover by determining growth fraction, cell cycle time, and crypt population -this stathmokinetic technique is the only method of achieving this.' It can be performed in vivo by administration of a metaphase arresting agent to the animal under study and taking subsequent biopsy specimens or in vitro by addition of a metaphase arresting agent to an organ culture system containing multiple biopsy specimens that can then be removed sequentially. Because ofethical considerations, the in vitro technique is the only one suitable in man.
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Animal studies comparing the small with the large intestine have shown site variation in cell turnover. 2 The rat colon, in particular, has been studied using autoradiography3 and the stathmokinetic technique,4 and the right side of the colon has been shown to have a more rapid cell turnover rate than the left.
In After standard bowel preparation with Picolax (sodium picosulphate (10 mg) and magnesium oxide (3.5 g)) the patient was anaesthetised and placed in Lloyd Davies stirrups. A rectal biopsy specimen was taken via a rigid sigmoidoscope posteriorly, 10 cm from the anal verge. A total colectomy and ileorectal anastomosis was then performed. The whole colon was mobilised from sigmoid to caecum before dividing the ileocolic, right, middle, left colic, and inferior mesenteric arteries to minimise colonic ischaemia. The colon was immediately opened along the antimesenteric border and washed clean. A 1 cm2 mucosal biopsy specimen was taken from the sigmoid, descending, transverse, and ascending colon, and the caecum.
The method used was that described by Allan and Jewell.5 All solutions and instruments used were sterile,and asepsis was observed to avoid bacterial contamination of the culture. The biopsy specimens were placed in 0.9% saline in a Petri dish at room temperature and diced into 2 mm cubes (explants). Each explant was transferred to a wire grid placed in the centre of an organ culture dish containing 1 ml of organ culture medium (RPMI 1640 with 25 mM Hepes buffer and 2 mM glutamine, Roswell Park Memorial Institute). This was supplement with inactivated fetal calf serum 10% vol/vol. Penicillin (0-6 mg/ml) and gentamicin (0 04 mg/ml) were added to inhibit bacterial growth.
The explants were orientated luminal surface uppermost and maintained at the gas/liquid interphase such that the luminal surface was just coated with the meniscus of the organ culture medium. The culture dish was then placed in a gas tight jar equilibrated with 95% 0/5% CO and maintained in a water bath at 37°C.
After 16 hours in culture, the medium was aspirated from the central well and replaced by identical medium containing the predetermined dose of vincristine to induce optimal metaphase arrest (0 5 ,ug/ml). Explants were removed at 60, 120, and 180 minutes and fixed in Carnoy's solution for two hours after which they were transferred to 70% ethanol for storage.
COUNTING METAPHASE ARREST FIGURES
In both the rat and human studies the samples were coded and the metaphase arrests were counted by an independent observer (D Youngs). The explants were rehydrated in 50% and then 25% ethanol and stained by the Feulgen reaction to enhance DNA staining. Individual crypts were microdissected using a binocular microscope and metaphase arrest figures counted in each of 10 In the Wistar rat, the CCPR of the caecum, which was represented by the 100% biopsy site, was signficantly higher than that of the 75% site (p<005) and the 25% site (p<0 05), and although higher than the midpoint of the colon, the difference in CCPRs did not quite reach significance.
In the human colon, the CCPR of the caecum was significantly higher than that ofany other site in the colon or rectum (p<001).
Hence, in both the rat and in humans, it has been demonstrated that the CCPR is significantly higher in the right colon than in the rest of the large bowel.
Discussion
The stathmokinetic method of estimating cellular proliferation by estimating the CCPR provides a firm kinetic parameter that is sensitive to changes in cell cycle time, growth fraction, and crypt population size. The regression slopes are readily comparable with those of other groups and measurements are completed in three hours so that rapid adaptive responses are not missed. Moreover, there are no hidden errurs from the use of sectioned material, as whole microdissected crypts are counted, and the method is economical in terms of animals, time, expenditure, and labour.
There are, of course, many other methods of estimating cellular proliferation, although each has inherent faults. Straightforward morphometric methods of measuring villus height, intestinal length, surface area, and dry weights are subject to great interobserver error and are very crude, rarely used methods.
The main static methods are those of measuring the mitotic or labelling indices. The mitotic index is simply the number of cells in the M phase of the cell cycle at any given time. It cannot distinguish between changes in the proportion of cells in mitosis and changes in the duration of mitosis.
The labelling index is more accurate than the mitotic index and relies on pulse labelling of nuclear DNA using tritiated thymidine. How More recently, cellular proliferation has been studied by utilising a mouse monoclonal antibody Ki67 that identifies a nuclear antigen associated with the cell cycle. There is good correlation between Ki67 immunoreactivity and other indices ofcellular proliferation, but again it is a static not a dynamic measurement and provides information as to the state, not the rate of proliferation.'
This study has confirmed previous work with the rat colon showing that the CCPR increases proximally from the rectum to the caecum.4 However, this is the first time that the human colon has been studied in this way and it is interesting that the same trend has been shown despite several assumptions made in the study design which are detailed below. Kinetic studies in man are limited by ethical restraints. It is, of course, impossible to use in vivo methods in humans but the in vitro method has been shown to correlate well with the in vivo technique in the animal model90 and hence was utilised for this study.
Although there may be some pathological process that results in chronic constipation, it is unlikely to be mucosal in origin, and so tissue from patients undergoing total colectomy for constipation seemed to be a reasonable option for investigation of cell turnover throughout the colon. Light microscopy was performed to ensure that the mucosa was completely normal. Nonetheless, these patients had been subjected to a 48 hour period of liquid diet and bowel preparation which must have had some effect on the absolute CCPR in the colon.'2 Similarly, operative ischaemia must have altered the CCPR,'2 although the degree of ischaemia was not so pronounced as to prevent successful organ culture. However, as both these factors affected the whole length ofthe large bowel equally, it was felt that the trends shown are valid observations.
It may be possible to study colons discovered to be normal at colonoscopy performed to investigate large bowel symptoms. This would obviate the problem of ischaemia, although of course the effect of bowel preparation would still remain. However, our experience of this method was that the biopsy specimens obtained by the colonoscopic biopsy forceps were often too small to allow a minimum of 10 whole crypts to be microdissected. The length of time it took to gather three specimens from each of the six sites resulted in a delay either in placing the specimens in the culture medium or in equilibrating them in 95% 02/C02, leading to suboptimal culture. It was difficult to ensure that the tissue was always taken from the area stated by the colonoscopist as the colonoscope 'concertinas' the bowel onto itself making it sometimes impossible to tell exactly where in the sigmoid or transverse colon the biopsy had been taken. By opening up the operative specimen ofthe colon, specimens could be taken precisely from each anatomical region.
Finally, there is the small but definitive risk of colonoscopic perforation'3 '4 and we felt ethically unjustified in subjecting a normal subject to 18 colonoscopic biopsies for research purposes only. The finding that the caecum seems to have a higher turnover rate than the rest of the colon is important in two ways. Firstly any comparative study of diseased and normal areas of mucosa within the same person or between different subjects must take into account the normal variation in background CCPR and ensure standardised reference points for biopsy as far as possible. Failure to allow for this fact will invalidate results.
Secondly, there are important implications when applying cellular kinetics to the study of carcinogenesis. Using the various less robust methods of estimating cell turnover, it has been shown that there seems to be an increase in cell turnover in polyposis coli,5 ulcerative colitis,'6 in mucosa adjacent to an established carcinoma, '7 and in fact in the entire colonic mucosa of patients with a carcinoma. 8 We have shown that the natural CCPR in the caecum is higher than that in the rest of the colon, yet most of human colorectal cancers and experimental animal cancers are left sided.' 9 Cooke et al took their study one stage further. They examined the CCPR throughout the rat colon and showed that it was the percentage increase in the CCPR that was important in carcinogenesis, not the absolute value.4 Moreover, despite its higher cell turnover rate, it seems that the caecum has a natural resistance to carcinogenesis, for distal transposition in an animal model does not increase either its CCPR or tumour yield.20
The finding that the human colon behaves like its animal counterpart is important for several reasons. It further supports the use of the Wistar rat as a model for human colonic studies. It emphasises the fact that the absolute value of the CCPR is of no importance when studying carcinogenesis whereas the percentage change in CCPR is probably far more interesting. However, what is of paramount importance is the fact that we have confirmed that there is site to site variation within the human colon. Careful choice of reference site in comparative studies is therefore essential to ensure valid results and conclusions.
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